The recent synthesis of Phosphorene, 1,2 a 2D corrugated monoatomic layer of P atoms, has dramatically raised the attention of the scientific community for the layered phases of Phosphorus. The 2D arrangement of the atoms in Phosphorene is indeed structurally related to the semiconducting orthorhombic A17 structure of Phosphorus (Black Phosphorus, Cmce, Z=8), 3,4 actually consisting in the ordered stacking of Phosphorene layers, and currently representing the starting material for its synthesis by exfoliation techniques. While chemists, physicists and materials scientists are still facing the challenges set by the synthesis, stabilization and functionalization of Phosphorene and related materials, other 2D Phosphorus allotropes with intriguing properties have been predicted to be stable, stimulating new theoretical and experimental investigations. [5] [6] [7] [8] Experimentally, besides A17, which is the thermodynamically stable allotrope of the element at ambient conditions, at least another layered structure of P can be accessed under high pressure conditions. At room T and ∼4.8 GPa A17 transforms indeed to semimetallic rhombohedral A7 (R3m, Z=2), another layered structure 9-11 which can be described by the stacking of blue Phosphorene layers 5 and is observed at ambient conditions also in As, Sb and Bi. 12 2
ESI-3. The two-step mechanism for the A7 to sc phase transition.
From a crystallographic point of view, assuming a rhombohedral cell description, the existence of the p-sc structure is evinced from the pressure evolution of the A7 lattice parameters. Whereas above 10.5 GPa the angle α rapidly approaches the ∼60°limit value characteristic of the sc structure, at ∼30 GPa the atomic position u is still far from the 0.250 value expected in the sc structure, thus causing a lattice distortion. 20 With increasing pressure, the electrostatic contribution is expected to become dominant, favoring the achievement of an octahedral coordination and hence the formation of a sc structure.
The observation of the p-sc structure has been interpreted in terms of the strong s-p orbital mixing existing in P, which at low pressure is responsible for the presence of electron lone pairs and tetrahedral geometry at P sites. 20 Moreover, the identification of the key role played by the s-p orbital mixing in the persistence of the layers against the interlayer bond formation has provided a fundamental physico-chemical insight for the stabilization of the high pressure layered structures against their reversible transformations upon releasing pressure, thus opening new perspectives for designing and synthesizing Phosphorene-based materials and heterostructures.
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ESI-4. Experimental Methods
Room temperature compression and decompression of bP in the presence of different pressure transmitting media (He, H 2 , N 2 , Daphne 7474 Oil), was studied using DAC and synchrotron XRD under different compression conditions, ranging from nearly hydrostatic to non-hydrostatic. Pressure was generated by means of membrane Diamond Anvil Cells (DAC) equipped with Ia/IIa type standard cut 16-sided beveled anvils having 350/400 µm culet tips.
Re gaskets (200 µm) indented to about 70 µm and laser-drilled to obtain a 150 µm diameter hole were used for the sideways containment of the samples. The diffusion of He and H 2 through the gasket at high pressure was prevented by applying a gold ring to the gasket hole.
In these cases a larger 200 µm hole was prepared by laser drilling. The gasket was then filled by gold particles, compressed to compact to gold powder and again drilled to obtain a 150 µm hole in the gold. The gold ring surrounding the sample thus prevented any contact of He and H 2 with Re.
The highly crystalline and pure orthorhombic bP used for the experiments was synthesized from red Phosphorus according to reference 21. The reagents used for the synthesis of black phosphorus were purchased from Sigma-Aldrich and their purity was: red phosphorus (> 99.99%), tin (> 99.999%), gold (> 99.99%), and SnI 4 (99.999%). The purity of the synthesized bP crystals used in the experiments reported in this study was verified by X-ray powder diffraction, Raman spectroscopy, EDX analysis and ICP-MS measurements, the latter giving a purity of 99.999+%. The obtained bP crystals were then fragmented and cut by a metallic tip to obtain smaller 20-50 µm chips, which were placed in the sample chamber of the DAC, together with a ruby for the measurement of pressure by the ruby fluorescence method. The DAC was then gas-loaded with high purity (5.0) He and H 2 , whereas N 2 was cryo-loaded. In the case of Daphne Oil 7474, a small drop was deposited inside the gasket hole. The use of He allowed to preserve hydrostatic conditions within the investigated pressure range, as indicated by the peak widths.
The samples were studied by means of synchrotron X-ray diffraction (XRD). Due to the 5 heterogeneity of the sample a micron-sized beam spot diameter of the synchrotron source was used to select different areas of the sample and spot differently oriented bP crystallites to find the reflections necessary for the calculation of the lattice parameters and the unit cell volume. The XRD patterns were acquired at ESRF-ID27 high pressure dedicated beam line using a monochromatic radiation (0.3738 Å wavelength) with beam spot size diameter of 5 µm and a MAR CCD165 detector. Typical acquisition time was 20 s with ±10 degree maximum oscillation. The detector tilt and sample to detector distance were calibrated by CeO 2 standard. The raw images were processed using DIOPTAS software. 22 In the case of He, Rietveld fit of the integrated patterns above 6 GPa to evaluate the lattice parameters, atomic positions and nearest neighbor distances was performed using GSAS-II software. 23 In the case of the other pressure transmitting media, geometrical formulas relating the d-spacing to the lattice parameters through the Miller indexes of the corresponding crystal structures were used to build systems of equations and calculate the lattice parameters values. In this case the d-spacing values were obtained by fitting the peak positions of the XRD patterns with Voigt line shapes after baseline subtraction. Fityk software was used for this purpose. 24 6 ESI-5. Rietveld refinement of the XRD data for the A7 and p-sc structures of P in He.
Traditionally, literature has described the A7 structure in terms of hexagonal symmetry with two axial lattice parameters (a and c) and the sc structure in terms of a cubic cell with one axial lattice parameter (a). Our data for the A7 and p-sc structures obtained by Rietveld refinement are instead derived by adopting a rhombohedral cell description with only one axial lattice parameter (respectively a r A7 and a r p−sc ). For comparison purposes, also the axial lattice parameters obtained from our d -spacing data adopting a cell description consistent with previous literature were calculated and reported in Figure S-1. Whereas this procedure is correct in the case of the A7 structure, because the hexagonal and rhombohedral cell descriptions are equivalent, the use of the d -spacing to evaluate a sc from the sc geometric relations is formally wrong, because the p-sc and sc structure are not equivalent. As a matter of fact, this procedure does not take into account the slight lattice distortion of the p-sc compared to sc one (see Figure 4 in ref. [20] ) and neglects the presence of the extra peaks in the p-sc structure.
In agreement with previous studies, our data indicate a larger decrease with pressure of the interlayer distances both in the A17 and A7 structure, directly related respectively to the b A17 and c A7 lattice parameters. The persistence of the A17 peaks even after the appearance of the A7 ones also agrees with literature, where a sluggish transformation is reported for this phase transition. 11 In the A17 structure a slightly larger compressibility of the Phosphorene layers along the c axis direction with respect to the perpendicular a axis one is also appreciable, confirming the reported anisotropy in the properties of this 2D material. Interestingly, this is the direction along which the electron lone pairs, originating from the s-p orbital mixing, point against each other. Their perturbation is responsible for the A17 to A7 phase transition, where interlayer bond breaking and reconstruction occurs with electron lone pair redistribution, leading to 7 layers of different conformation for a more efficient packing, as described in the mechanism proposed by Boulfelfel and coauthors. 25 Also in the A7 structure the electron lone pairs point to the interlayer spacing and are thus preferentially perturbed with increasing pressure, as indicated by the pressure evolution of the c A7 lattice parameter, which corresponds to the direction perpendicular to the layers and parallel to the electron lone pairs. For the A7 structure also the pressure evolution of lattice parameter a r A7 (cyan circles), obtained by Rietveld refinement of the data adopting the rhomboehdral cell description (R3m) as in the case of p-sc, is displayed for comparison with the a r p−sc values. The a sc data, calculated assuming a sc structure (see text in ESI-5), are reported for comparison with existing literature. Solid and empty circles respectively refer to data acquired during compression and decompression. The vertical dotted lines respectively indicate the A17 to A7 and the A7 to p-sc phase transitions. The ordinate axis has been broken taking care to display the same unit scale for the lattice parameters above and below the break, in order to appreciate the different slope of the pressure evolutions for the lattice parameters. S-1: Parameters of the A7 and p-sc structure obtained adopting a rhombohedral cell description (R3m) by Rietveld refinement of the XRD patterns, acquired during the compression of bP in the presence of He. As specified by the units, the volume reported in the table is referred to the unit cell, which contains two atoms. The atomic volume is thus obtained by dividing the unit cell volume by 2.
wR factor 298 6.05 3.516(5) 57.823 (7) 10 refer to a similar pressure range up to 32 GPa, they are instead affected by a significantly lower precision, as indicated by the larger scattering with respect to our data ( Figure 2) . Finally, the values reported by Clark et al., 26 besides being more sparse and scattered, were obtained using P 4 as starting material. 
